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In the multi-scale method based on the mathematical homogenization thory, the bifurcation in the mi-
croscale problem can be regarded as a kind of material instability in the sense that it allows macroscopic,
i.e. homogenized constitutive equation to have multiple solutions. In this context, authors have established
a computational method to characterize material instability by means of the microstructural instability [1].
In this paper, we present multi-scale simultaneous analysis of solids with periodic microstructures under-
going bifurcation on the basis of the mathematical homogenization.

For this purpose, difficulties due to the loss of convexity of the homogenized potential energy is overcome by
the variational formulation based on the Γ-convergence theory [2]. Moreover, minimization of homogenized
energy with respect to the number of unit cells is achieved with the help of block-diagonalization method [1].
Finally, we propose an algorithm for multi-scale simultaneous analysis, which involves the interaction of
instability phenomena in macro- and micro-scale problems, consistent with derived multi-scale variational
formulation. Nature of the material instability induced by bifurcation in microstructure is also discussed
within the framework of the two-scale boundary value problems proposed here.

The representative numerical examples of macro- and micro-scale simultaneous analysis are demonstrated
for some potential systems which microstructures undergo the bifurcation. These examples show the
feasibility of the proposed multi-scale simultaneous analysis and illustrate the macroscopic bifurcation
phenomena associated with the microstructural ones.
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